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The polarization reversal and domain structure evolution has been studied in stoichiometric lithium
tantalate prepared by vapor transport equilibration process. The first in situ visualization of domain
kinetics has demonstrated the jump-like motion of few strictly oriented plane domain walls, which
leads to short isolated current pulses in the switching current data. The proposed model of
jump-like domain wall motion caused by interaction with pinning centers representing the areas
with increased value of the threshold field is based on the effect of retardation of bulk screening.
The derived formulas were applied successfully for analysis of the field dependence of the total
switching time. The durations of wall jumps and wall stays (rest times) extracted from the
switching current data are analyzed separately. The deceleration of the wall motion velocity during
jump is controlled by the trail of residual depolarization field produced by bound charges and
screening charges in the area behind the wall. The duration of the rest time is governed by the bulk
screening of residual depolarization field. The value of Hurst exponent 0.75 obtained by fractal
analysis of the switching current data has confirmed the essential influence of prehistory on the
domain wall motion. The measurements of the coercive field by switching in bipolar triangular
pulses in wide range of the field ramp rate have allowed us to extract the record low value of
coercive field 60V/mm for quasi-static polarization reversal.VC 2012 American Institute of Physics.
[doi:10.1063/1.3673601]
I. INTRODUCTION
The nonlinear-optical ferroelectric crystals with engi-
neered periodic domain structure are applied for efficient fre-
quency conversion based on quasi-phase-matching effect.1,2
The periodically poled lithium niobate LiNbO3 (LN) single
crystal is the most popular material for such applications,
due to its high nonlinear optical coefficients and availability
of high-quality wafers. The second harmonic generation by
usual congruent LN crystals is limited. Doping of LN crys-
tals by MgO allows to solve the problem partially, but the
needs of industry require further increase of the average and
peak powers of second harmonic generation. The recently
demonstrated achievements on this way are associated with
utilization of lithium tantalate LiTaO3 (LT) single crystals.
3
LT single crystals are typically grown by Czochralsky
method from a congruently melting composition. Congruent
lithium tantalate (CLT) crystals possess essential deviation
from the stoichiometric composition with the Li deficiency
(ratio [Li]/[LiþTa] equals to 0.485)4 and large concentration
of point defects (Li vacancies and TaLi antisites). Two
effects, which are associated with antisite point defects,5–7
limit the maximal input power of coherent light during fre-
quency conversion for LT (so as LN) single crystals: photo
refractive damage (PRD) and green-induced infrared absorp-
tion (GRIIRA). Extremely high value of coercive field
obtained in CLT, which hampers the formation of periodical
domain structures for frequency conversion applications, is
also related to nonstoichiometric point defects.4
Several methods were applied during the past decades to
produce LT and LN crystals with near stoichiometric compo-
sition (NSLT and NSLN). The crystals grown by double cru-
cible Czochralsky method (NSLT-CZ)8 and potassium-flux
growth method9 demonstrate great reduction of point defect
concentration. However, both methods are quite challenging
to implement, due to precise control of material flux and
temperature requirements. Vapor transport equilibration
(VTE) is an alternative method based on post-annealing of
single crystalline CLT wafers at high temperature for obtain-
ing the near stoichiometric composition (VTE-LT). The
method looks essentially simpler than crystal growth meth-
ods.10,11 Annealing of a CLT wafer in a Pt crucible with pre-
reacted Li-rich powder of 70% LiO2 and 30% Ta2O5 at
temperatures about 1100–1300 C are used for realization of
the VTE process.
The measured value of the [Li]/[LiþTa] ratio in VTE-LT
wafers is equal to 0.500; therefore, the wafers are essentially
closer to stoichiometric composition than grown NSLT crys-
tals.4 Moreover, VTE-LT wafers demonstrate a record low
value of coercive field12 and essential decrease of PRD and
GRIIRA effects.13 Such improved optical and ferroelectric
properties make VTE-LT crystals very promising for produc-
tion of nonlinear optical devices with tailored domain
structure.14
The polarization reversal process was studied in VTE-LT
crystals by integral methods only.12,14 The activation-type
field dependence of the switching time was revealed.12
a)Author to whom correspondence should be addressed. Electronic mail:
vladimir.shur@usu.ru.
0021-8979/2012/111(1)/014101/8/$30.00 VC 2012 American Institute of Physics111, 014101-1
JOURNAL OF APPLIED PHYSICS 111, 014101 (2012)
 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:
212.193.78.1 On: Fri, 27 Mar 2015 09:56:02
It was shown that the measured value of coercive field essen-
tially depended on “the period of hysteresis loop”, but no
further analysis of obtained dependence was performed.14
The coercive field value below 100V/mm was measured. It
was pointed out that the direct visualization of the domain
kinetics failed due to low contrast of domain walls.12 There-
fore, the field dependence of the domain wall motion veloc-
ity was estimated from the switching current analysis only
with low reproducibility of obtained results.14
The record efficiency of second harmonic generation
was demonstrated.13 The periodically poled VTE-LT crystals
allowed to obtain second harmonic generation of a 10W
(k¼ 532 nm) continuous wave from 29W (k¼ 1064 nm)
radiation in a 4-cm-long device near room temperature.
It leads to the conclusion that the very promising practi-
cal results require the systematical investigation of domain
kinetics in VTE-LT, including in situ observation of the do-
main structure evolution in the electric field.
II. EXPERIMENT
Domain kinetics were investigated in Z-cut commercial
single crystalline CLT (Crystal Technology, CA), NSLT-CZ
(Yamaju Ceramics, Japan), and VTE-LT (Silicon Light
Machines, CA). CLT crystals were 0.2mm thick, NSLT-CZ —
0.9mm thick, and VTE-LT— 0.8mm thick.
VTE-LT wafers were produced by vapor transport equil-
ibration process during 100 h at 1100 C. The typical sample
area was about 20 10 mm2.
Most of the results were obtained during application of
electric field using liquid electrolyte (saturated LiCl water
solution or tap water) electrodes 3-6mm in diameter
formed by a special sample fixture made of Plexiglas with
silicone rubber pads. Such a sample fixture allowed in situ
optical visualization of domain kinetics during application
of electric field both in transmission and reflection modes.
The field ramp rate dependence of the coercive field
was also measured using DC ion plasma sputtered solid
electrodes: metal (100-nm-thick Ni) and conductive oxide
(200-nm-thick In2O3:Sn (ITO)). The similar electrodes of
2-3mm in diameter were deposited on both polar sides of
the wafer. All switching experiments were performed at
room temperature.
Programmable, arbitrary-shaped voltage signals were
generated by a NI PCI-6251 multifunctional data acquisition
board, amplified by high-voltage amplifier TREK 20/20C,
and applied to the electrodes. A precision resistor (0.2, 2, 20,
or 200 kX, depending on current range) connected in series
with the sample was used for recording of the switching cur-
rent. The switching charge was obtained by digital integra-
tion of the switching current data. The switching area was
supposed to be equal to the electrode area.
Triangular and rectangular switching field pulses were
used. The triangular ones allowed obtainment of the hystere-
sis loop. Rectangular pulses were used for investigation of
the switching current and for in situ visualization of the do-
main kinetics.
Domain kinetics was observed in situ by polarized
microscope Carl Zeiss LMA 10 in transmission mode and
recorded by digital video camera with simultaneous record-
ing of the switching current. A high resolution (1.3 MPix)
digital video camera with frame rate up to 15 fps was used.
The images of the static domain structure were also taken by
an Olympus BX51 optical microscope in transmission,
reflection, phase contrast, and dark field modes.
III. SWITCHING BY RECTANGULAR PULSES
A. Switching current shapes
Detailed analysis of the switching current parameters
recorded during application of the rectangular electric field
pulses has been performed. Field rise time (0.1ms) is chosen
to be essentially shorter than minimal observed switching
time (about several milliseconds). The amplitude of applied
external field Eex ranged from 70 to 500V/mm. The upper
limit is caused by the current limit of the high-voltage ampli-
fier (20 mA), while, below 70V/mm, the noise hampers the
current measurements.
The switching current shape qualitatively changes while
increasing the applied field (Fig. 1). At low-field range below
140V/mm, one can obtain the set of isolated short current
pulses (Fig. 1(a)). It must be noted that the duration of indi-
vidual pulses is in millisecond range, whereas the total
switching time, representing the time interval from the be-
ginning to the end of the polarization reversal, is about tens
FIG. 1. Switching currents obtained during polarization reversal by rectangular field pulses with various pulse amplitudes. (a) Low-field range; (b) and (c)
high-field range.
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of seconds. The averaged period of the pulses is about
100ms, and the summarized duration of individual pulses is
about one percent from the total switching time.
The averaged period of the pulses rapidly decreases
with field growth. In the high-field range (above 140V/mm),
the continuous current with strong modulation of the current
amplitude (noise component) was obtained during the whole
switching process (Figs. 1(b) and 1(c)). A similar switching
current shape was observed in NSLT.15
In situ observation of the domain structure evolution in
congruent LN allowed us to attribute the isolated current
pulses to individual jumps of the domain walls.16 Neverthe-
less, the direct observation of the domain kinetics in VTE-LT
had never been reported.
B. Domain kinetics
We have studied the evolution of the domain structure
in VTE-LT by optical microscopy during polarization rever-
sal. The chosen pulse amplitude 90V/mm results in the
switching time of about 10 seconds, which is long enough to
record the domain kinetics with sufficient time resolution. It
was mentioned earlier that relatively low applied field (two
orders of magnitude lower, as compared to CLT) led to small
electro-optically induced change of refractive index and to
very weak contrast of the domain walls in VTE-LT single
crystals.12,17 As a result, all previous attempts to visualize
the domain kinetics in VTE-LT were unsuccessful.12
In our experiments, the contrast of domain walls is
increased by special image processing of recorded video
sequences. We have averaged several images without do-
main walls captured before the starting of the switching pro-
cess. The resulting background image is subtracted from
each subsequent instantaneous image of domain structure
evolution. Such procedure and contrast enhancement allow
us to visualize the moving domain walls.
It has been shown that the domain kinetics in VTE-LT
is similar to kinetics earlier observed in NSLT-CZ.15 Polar-
ization reversal process from the single-domain state starts
with the appearance of a few hexagonal domains with
Y-oriented domain walls at the electrode edge. The subse-
quent domain kinetics evolves through jump-like motion of
oriented domain walls (Fig. 2(a)). The small number of the
moving domain walls allows us to separate out and to ana-
lyze the motion of the single domain wall. The time depend-
ence of the wall position revealed by image analysis (Fig.
2(b)) allows us to obtain the sideways wall motion velocity.
For example, the averaged domain wall velocity equal to
0.14 mm/s and peak domain wall velocity equal to 3.5 mm/s
have been obtained for pulse amplitude 90V/mm. It should
be noted that the revealed peak value of the wall velocity is
reduced, due to limited time resolution of the video camera.
Let us compare the obtained behavior of the domain
structure with domain kinetics in CLT. The main features of
domain evolution in CLT are as follows:15 (1) the high den-
sity of nucleation centers up to 1000mm–2 (Fig. 3(a)); (2) tri-
angular shape of growing isolated domains with domain
walls oriented along X crystallographic directions; (3) the in-
tensive merging of growing domains; and (4) smooth shape
of the switching current. Two clearly distinguishable domain
growth mechanisms have been obtained: (1) slow growth of
isolated domains (Fig. 3(a)) and (2) fast wall motion after
domain merging (Figs. 3(b) and 3(c)). Thus, the domain
kinetics in VTE-LT differs drastically from CLT.18 Compar-
ison of the main features of domain kinetics in CLT and
VTE-LT can be seen in Table I.
It is necessary to point out that, in VTE-LT, the continu-
ous wall motion with varying velocity has been observed in
FIG. 2. (a) The instantaneous image of the
moving domain wall in VTE-LT after image
processing. (b) The extracted time dependence
of wall position. Eex¼ 90V/mm.
FIG. 3. Instantaneous images of domain
structure evolution in CLT with time
intervals 100ms. Eex¼ 21 kV/mm.
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the high field region only, whereas, in low fields (below
140V/mm), the jump-like motion appears and, during the
main part of the switching process, the wall does not move.
The obtained behavior can be explained while taking
into account the wall interaction with the pinning centers
(defects). We suppose that the studied VTE-LT wafers con-
tain the local regions with threshold field values above the
average level. The experimental field dependence of the
sideways domain wall motion velocity in LN and LT crystals
in low field range (just above threshold field) is approxi-
mated usually by the following equation:
vðEexÞ ¼ lðEex –EthÞ; (1)
where l is the wall mobility, Eex is the applied field, and Eth
is the threshold field.
The wall motion process represents generation of the
steps at the existing domain wall (2D nucleation) and step
growth along the wall (1D nucleation). In the uniaxial crys-
tal, the nucleation probabilities of both processes are defined
by the local value of the polar component of electric field
averaged over the volume of nucleus (switching field).19,20
We have proposed a mechanism of the jump-like (jerky) do-
main wall motion. It is known that the domain wall deceler-
ates after shifting from the initial position. This effect is due
to reduction of the switching field at the wall by residual
depolarization field (Erd) produced by bound charges and
screening charges in the area behind the wall.21 It is neces-
sary to take into account that Erd appears due to retardation
of the bulk screening process. We suppose that, after long
enough time, the complete screening occurs with full com-
pensation of depolarization field by slow bulk screening.22
The decrease of the switching field during the shift of
the domain wall from the initial position is caused by forma-
tion of the trail of the depolarization field produced by bound
charges, which change the sign as a result of reorientation of
the spontaneous polarization behind the wall and are mainly
compensated by the fast external screening process. The
external screening in the wafer with electrodes on the polar
surfaces is very fast (time constant is about hundreds of
microseconds); however, the existence of the intrinsic sur-
face dielectric layer leads to incomplete external screening.19
Thus, it is possible to take into consideration only the resid-
ual depolarization field Erd¼Edep – Eext.scr, which can be
compensated by slow bulk screening processes only.23
The measured bulk screening time constants vary essen-
tially in the LT family from a few seconds in CLT to 50ms
in NSLT-CZ.15 It must be pointed out that complete screen-
ing needs much longer time and relaxation processes can be
revealed even in hours and days after polarization reversal.24
The domain wall starts to move from the initial position
if the switching pulse amplitude is above the threshold value.
The wall motion velocity v gradually decreases with shift
from the initial position, due to increase of Erd produced by
the trail. The dependence of Erd on the shift value Dx for the
plane domain wall can be written as follows:25
ErdðDxÞ ¼ PsL=ðdeLeoÞFðDx=dÞ; (2)
where F(Dx/d)¼ 1/p[2arctg(Dx/d)þDx/d ln(1þ d2/Dx2)], d
is the sample thickness, L and eL are the thickness and
dielectric constant of the surface dielectric layer, respec-
tively, Ps is the spontaneous polarization, and eo is the per-
mittivity of vacuum.
Thus, the field dependence of the domain wall motion
velocity can be written as
vðEsðDx; x; tÞÞ ¼ l½EsðDx; tÞ –Eth:locðxÞ (3)
with the following dependence of the local value of the
switching field on time and shift:
EsðDx; tÞ ¼ Eex – ½ErdðDxÞ –EbðtÞ; (4)
where Eb(t) is the bulk screening field and Eth.loc(x) is the
maximal local value of the threshold field along the wall for
a given wall position.
The threshold field value in any real crystal is spatially
nonuniform, and the areas with locally increased Eth.loc can
play the role of the pinning centers (defects). The domain
wall stops when Es(Dx,t)<Eth.loc(x). During stay (“rest
time”), Es(Dx,t) increases, due to compensation of Erd by
bulk screening, and the domain wall restarts when
Es(Dx,t)>Eth.loc(x). The wall stops at the next pinning center.
Thus, in low applied fields just above Eth, the wall motion rep-
resents fast jumps between pinning centers with compara-
tively long rest times (stays at pinning centers) (Fig. 4).
It was shown experimentally that the duration of each
wall jump was much shorter than the bulk screening time con-
stant.15 Therefore, the decreasing of Erd is obtained during
rest time only. The distance between the pinning centers and
the pinning strength (excess of Eth.loc on the pinning center
over the average value) defines the duration of the rest time.
C. Field dependence of the switching time
The recording of the switching current has been used for
obtaining the field dependence of the switching time, which
TABLE I. Comparison of domain kinetics in CLT and VTE-LT.
CLT VTE-LT (in low fields)
Coercive field About 21 000V/mm About 60V/mm
Density of nuclei About 1000mm2 About 1mm2
Domain shape Triangular Hexagonal
Orientation of domain walls Along X-crystallographic axis Along Y-crystallographic axis
Mechanism of domain kinetics Merging of growing domains Jump-like wall motion
Switching current Smooth shape Set of individual short pulses
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is the classical characteristic of the polarization reversal pro-
cess (Fig. 5).26 The switching time value has been extracted
from the time dependence of the switched charge Qs(t)
and defined as the time required for switching of 0.95 of the
total Qs.
For explanation of the obtained data in the wide range
of the switching times (Fig. 5), it is necessary to take into
account the qualitative difference of the domain kinetics in
low and high fields.
In the high-field range (above 140V/mm), the wall
motion is continuous (“nonstop”). The switching time is
defined by the wall motion velocity, which has been approxi-
mated by the activation type field dependence in this field
range. The measured field dependence of the switching time
(Fig. 5) has been fitted by the following formula:
tsðEexÞ ¼ t0exp½Eac=ðEex þ EintÞ; (5)
where Eac is the activation field, Eint is the internal bias field,
and t0 is the time constant.
The revealed values are Eac¼ 9156 15V/mm and
Eint¼ 2V/mm. It is worth noting that the obtained value of
the internal bias field Eint is several orders of magnitude
lower than the lowest applied field, which complicates its
measurement by this method.
In the low-field range (below 140V/mm), the jump-like
wall motion takes place and the domain wall stays the most
time of the switching process. Therefore, a qualitatively dif-
ferent model based on the key role of the bulk screening re-
tardation has to be considered for explanation of ts(Eex). Let
us consider the simplified model for the jump-like motion of
a single plane domain wall in the ferroelectric crystal with
regularly distributed pinning centers, which corresponds to
the constant length of the wall jumps (Dxpc). Let us charac-
terize all pinning centers by equal value of the local thresh-
old field Eth.pc.
For steady wall motion (Fig. 4), the value of Es at the
moment when the domain wall restarts from the pinning cen-
ter after staying during the time interval Dtrest can be
obtained from the following relation:
EsðDxpc;DtrestÞ ¼ Eth:pc; (6)
which can be rewritten in the following form:
Eex – ½ErdðDxpcÞ –EbðDtrestÞ ¼ Eth:pc: (7)
The chosen time dependence of the bulk screening field Eb(t)
was experimentally obtained for CLT and NSLT-CZ:27
EbðtÞ ¼ ErdðDxpcÞf1 – exp½ðt=sÞbg; (8)
where s is the bulk screening time constant and b is an
exponent.
Finally, the following equation has been obtained for the
field dependence of the domain wall rest time:
DtrestðEexÞ¼sfln½ðEex–Eth:pcÞ=ðEex–Eth:pcþDErdðDxpcÞg1=b;
(9)
where DErd(Dxpc) is the increase of Erd as a result of the wall
jump.
In the low-field range, the field dependence of the total
switching time according to the discussed simplified model
is equal to
tsðEexÞ ¼ NjDtrestðEexÞ; (10)
where Nj is the number of the wall jumps, which is independ-
ent on the field value.
Equation (10) has been used for fitting of the experimen-
tal data in the field range below 140V/mm (Fig. 5). The val-
ues of the exponent b and Eth.pc are fixed during fitting. The
exponent value equal to 0.3 is chosen according to our earlier
experimental results.28 The value of Eth.pc equal to 60 V/mm
is chosen as the lowest external field in which polarization
FIG. 4. The switching field dependences
during jump-like motion: (a) on time
and (b) on domain wall position.
FIG. 5. (Color online) Dependence of the total switching time on external
field fitted by Eq. (10) in low-field range and by Eq. (5) in high-field range.
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reversal started in our study. The number of wall jumps Nj¼ 73
corresponds to the averaged experimentally observed value.
The fitting of ts(Eex) data has allowed us to reveal the
values of the bulk screening time constant (s¼ 6706 70ms)
and the averaged increase of the residual depolarization field
as a result of wall jump (DErd(Dxpc)¼ 196 1V/mm). The
more detailed study of the jump-like domain wall motion in
ferroelectrics will be presented by us elsewhere.
D. Statistical analysis of the switching current
The switching current data was analyzed by the statisti-
cal methods developed for the noise signals and fractal
records in time.29 The treatment of the current data by modi-
fied Korcak method30 allows us to separate the cumulative
distribution functions for the current pulse width and for the
rest time. We have analyzed independently the intervals
below the given current level (duration of the domain wall
jumps) and above this level (duration of the domain wall
stay) for the data recorded in the field range from 60 to
140V/mm, in which the switching current represents the
number of distinguished individual short pulses.
We have analyzed the current pulses with width ranged
from 1 to 100ms. The obtained cumulative statistics for do-
main wall jump time N(Dt) (number of the current pulses
with width above the given value Dt) is approximated by the
following formula:
NðDtÞ ¼ BDta; (11)
where a is the exponent and B is the constant.
It has been shown that the exponent value equal to
1.596 0.06 (Fig. 6(a)) is almost independent of the applied
field value. It is known that the observed scale invariance is
typical for self-assembled processes.29 The constancy of the
current pulse (wall jumps) number in the whole field range
demonstrates that the moving domain wall interacted with
the same set of pinning centers.
For statistical analysis of the rest time data (Fig. 6(b)),
the power law dependence with exponential cutoff has been
applied, because the self-similar behavior occurs in the finite
time range only,
NðDtÞ ¼ BDtaexpðDt=nÞ; (12)
where n is the fractal correlation time.
The field dependences of the fitting parameters a and n
are presented in Fig. 7.
The Hurst exponent (H) extracted by classical Korcak
method30 is equal to 0.756 0.01, which is the clear evidence
of the persistent process with long-time correlation. In other
words, it demonstrates the dependence of the domain wall
kinetics on prehistory. This fact confirms the proposed model
based on the influence of the long-time bulk screening proc-
esses on the wall motion. The comparison of the obtained
Hurst exponent value, with one revealed for NSLT-CZ
(H¼ 0.706 0.05), demonstrates that, in VTE-LT, the mem-
ory effects are more pronounced.
IV. SWITCHING IN TRIANGULAR PULSES
We have studied the dependence of the switching pro-
cess in VTE-LT in linearly increasing alternating field on the
field ramp rate R¼ dE/dt by recording the switching current
data during application of bipolar triangular field pulses with
varying period and constant amplitude. The value of R has
FIG. 6. Cumulative distribution func-
tions for (a) wall jump time and (b) rest
time.
FIG. 7. Dependence on pulse amplitude of fitting pa-
rameters (a) a and (b) n of cumulative distribution
functions for rest time.
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ranged from 20 to 20 000V/(mms), corresponding to
pulse frequency from 0.01 to 10Hz and pulse amplitude
500V/mm. Such conditions allow us to obtain the complete
switching in the whole frequency range. The typical switch-
ing current shapes and hysteresis loops for various values of
R are presented in Fig. 8. It is seen that the coercive field Ec
essentially depends on R.
The obtained dependence of the coercive field on the
external field ramp rate (Fig. 9) is approximated by the
power law proposed by Ishibashi et al.,31,32
EcðRÞ ¼ Ec0 þ ARc; (13)
where Ec
0, A, and c are the fitting parameters.
The value of exponent c is found to be equal to 0.18.
Such approximation allows us to estimate the limit value of
coercive field Ec
0 for quasi-static polarization reversal, cor-
responding to R tents to zero Ec
0¼ 60V/mm. This record
low value of the coercive field for crystals of the LT and
LN family confirms the high quality of the investigated
crystals.
The influence of the electrode material on Ec has been
also studied. It is shown that the measured value of Ec for
ITO electrodes is about 10% lower than that for liquid elec-
trodes (Fig. 9).
V. CONCLUSION
The domain kinetics during polarization reversal has
been studied in stoichiometric lithium tantalate single crys-
tals prepared from congruent composition by the vapor trans-
port equilibration process (VTE-LT). The first in situ
visualization of domain kinetics in VTE-LT using special
image processing has allowed us to reveal the jump-like
motion of few Y-oriented plane domain walls. The switching
current data consisting of short isolated current pulses has
been statistically analyzed by separation of the jump times
and the rest times. The model of domain wall motion in fer-
roelectric with pinning centers representing the areas with
increased value of the threshold field has been proposed. The
key role of the retardation of the bulk screening of the depo-
larization field has been considered. The derived theoretical
formulas have been used for fitting the field dependence of
the total switching time. The fractal analysis of the switching
current data has demonstrated the influence of prehistory on
the domain wall kinetics, thus confirming the proposed
model of the wall motion based on the influence of the long-
time bulk screening processes on switching kinetics. The
value of the coercive field for quasi-static polarization rever-
sal has been obtained by approximation of the experimental
data measured in wide range of the field ramp rate. Thus, it
has been shown that the VTE process allows us to obtain a
record low value of coercive field 60V/mm.
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